Bladder cancer remains a highly prevalent and lethal malignancy. Early diagnosis and prompt treatment have been shown to improve survival at both initial diagnosis and recurrence. A vast number of tumor markers have been identified and rigorously evaluated in attempts to improve noninvasive diagnostic accuracy of bladder cancer. Hematuria was the first tumor marker in a field that has grown to include soluble markers, cell-surface antigens, cell-cycle-related proteins, and genetic alterations. We aim to provide a critical appraisal of newer markers and the current state of research.
Introduction
The National Cancer Institute has recently estimated that over 68 800 new cases of bladder cancer will be diagnosed in the USA in 2008, with over 14 000 people dying of the disease [1] . Despite significant advances in treatment, including surgical techniques and adjuvant therapies, bladder cancer continues to be an extremely common disease with high mortality. Widespread screening has been shown to decrease mortality from bladder cancer [2] . However, the adoption of such programs has been slow, and, currently, there is no widespread mechanism for screening high-risk patients in use. Currently, hematuria remains the most common presenting symptom in bladder cancer and should precipitate urologic evaluation [3, 4 ] . Such an assessment in high-risk patients currently includes cystoscopy, cytology, and upper tract radiographic imaging such as computed tomography (CT) scan or ultrasound. Furthermore, patients with a known history of bladder cancer must undergo extensive surveillance in many cases, consisting of repeated cystoscopies and cytological examinations. Given the cost, expertise required, and invasive nature of such diagnostic and surveillance techniques, the field of bladder tumor markers has grown significantly. The International Consensus Panel on Bladder Tumor Markers outlined a number of attributes of an effective tumor marker, including technical simplicity of detection, high sensitivity and specificity, and reliability [5] . From the first tumor marker, hematuria, to the current research into molecular genetics, new markers are frequently being discovered and refined. Several of these have been extensively tested in human trials with varying degrees of success. Although a number of markers show promising results in trials, clinical acceptance has been slow. Part of this may be due to patient's reluctance to rely on a noninvasive test when conventional wisdom dictates that visual analysis is most accurate. However, prior research has shown that when sensitivity is very high, patients are more willing to rely on tumor markers in place of cystoscopy [6] . Much of this research has been reported in a number of reviews of this topic, which have encapsulated the field succinctly [7] [8] [9] [10] [11] .
Previously reported categories of tumor markers, including soluble antigens, cellular morphology, and cell-surface antigens [10] , continue to be heavily investigated. Well known soluble antigen markers include the bladder tumor antigen (BTA)-Stat and BTA/TRAK group, nuclear matrix protein (NMP)-22, survivin, HA-Hase, BCLA-4, and survivin [12] . Such markers do not need malignant urothelial cells present in a sample for evaluation. Cellular morphology is the pathological evaluation of a urine specimen for malignancy. Such testing has been repeatedly shown to have the highest specificity; however, its sensitivity lags that of other bladder cancer tumor markers and such testing requires pathologic expertise [13] . Evaluation by cell-surface antigens markers relies on the presence of urothelial cells in the specimen and the detection of malignant transformation. Examples of such changes include chromosomal changes (detected by microsatellite analysis), presence of known cell-surface proteins (detected by the Ucyt and DD23 tests), and evaluation of ribonucleoprotein enzymes such as telomerases [11, 12, 14] . However, with recent advances in laboratory techniques including molecular genetics, cellular profiling and tissue microarrays, an extremely large number of new markers have been identified. Many can be broadly categorized into the following groups: proteomics-based markers, genomic markers, and epigenetic markers.
Proteomic markers
Proteomics refers to the study of proteins, including structure and function using technologies such as, high-resolution two-dimensional gel electrophoresis (2-DE) and mass spectrometry [15 ] . NMPs are the best examples that bladder cancer markers can be identified initially through 2-DE and then developed into conventional ELISA tests. However, this proteomic technique is technical skill, its reproducibility is moderate, and it cannot detect hydrophobic proteins. The technique is also labor intensive and time consuming.
Surface-enhanced laser desorption/ionization (SELDI) is a preferred mass spectrometry technique used to identify and quantify biomarkers from complex biological fluids such as urine and plasma. Samples are initially subjected to high-throughput sample preparation techniques to remove albumin and immunoglobulins. Proteins are then captured by a selective surface, and the mass of each protein is measured based on its velocity through the time-of-flight analyzer, after proteins are ionized by a laser. The SELDI-time of flight (TOF) measures massto-charge ratio and quantifies the amount of each protein present in a biological sample [16, 17] . The advantages of SELDI include rapid protein profiling to screen large numbers of samples in a clinical research setting. A disadvantage of SELDI is that it can analyze only small molecular mass proteins that can bind to specific chips. Thus, many relatively higher molecular mass biomarkers are missed unless their degraded forms are unique enough to be identified by SELDI. Bladder cancer is amenable to SELDI-based biomarker development as many tumor-associated molecules are secreted in urine. From such studies, several markers have been identified, but only a small number have undergone rigorous testing with clinicopathological correlation and study. Some of those will be reviewed here, including CXCL1, tumorassociated trypsin inhibitor (TATI), and matrix metalloproteinase (MMP).
CXCL1 is a member of the CXC chemokine family noted to be associated with tumorigenesis, angiogenesis, and metastasis [18, 19] . Recently, Kawanishi et al. [20] evaluated proteins that could differentiate between normal controls, noninvasive, and invasive bladder cancer patients. Using cell culture from known bladder cell lines and mass spectroscopic analysis, they identified CXCL1 as a protein with significantly increased expression in invasive bladder cancer. Subsequently, they evaluated its in-vivo utility by assaying urine samples from normal individuals, patients with noninvasive tumors, and patients with muscle invasive disease using a CXCL1 ELISA. CXCL1 showed sensitivity of 70.1% and specificity of 80.6%. Using an increased concentration of CXCL1 specifically to predict muscle invasive bladder cancer, they report 90.6% specificity but 57% sensitivity. One significant drawback of their study was the exclusion of patients with more than 30 leukocytes per highpowered field. This was done given the prior findings of increased levels of chemokines in patients with urinary tract infection [21] . Despite this drawback, this study demonstrates that proteomic techniques such as mass spectrometry are useful in identifying bladder cancer biomarkers that then can be assayed by simpler techniques (e.g., ELISA).
A second newer set of proteomic markers undergoing further testing are MMPs. Although MMPs have been studies for many years [22] [23] [24] , recent advances in proteomics have allowed for more specific evaluation and identification of MMP-related complexes and their utility in bladder cancer. Roy et al. [25] reported on their findings of tumor-specific urine MMP complexes including the MMP-2, MMP-9/TIMP-1 complex, MMP-9 dimer, and ADAMTS-7. They report that using a combination of MMP-2 and MMP-9 dimer in multivariate regression and binary analyses, they were able to significantly differentiate bladder cancer from controls. However, the study compared only normal versus bladder and prostate cancer patients. Thus, the sensitivity and specificity of any MMP to detect cancer (bladder or prostate) between 75 and 80% will need to be confirmed in a larger cohort of patients that include patients with benign urological conditions.
Other authors have used similar approaches to identify potential markers. Smalley et al. [26] used an innovative approach of analyzing subcellular particles (microparticles) released by urothelial cells by mass spectroscopy (LC-MS/MS; Thermo Finnigan LTQ and LTQ-FT ion trap mass spectrometer) to identify eight potential biomarkers of bladder cancer. These included resistin, GTPase NRas, mucin-4, and retinoic acid-induced protein 3. Although these proteins were found to be differentially expressed in the urine of bladder cancer patients and normal individuals, the sample size was too small. Therefore, these potential biomarkers will need to be validated in larger studies.
Recent technical advances have allowed the field of proteomics to become extremely productive in identification of proteins that are assayed in higher or lower concentrations in bladder cancer patients when compared with the urine of normal patients. Although this has created an incredibly large pool of potential tumors and therapeutic targets, these techniques as such are powerful as initial screens to identify potential biomarkers. Following initial screening, more conventional tests (e.g., ELISA, reverse transcription-PCR assay, point-of-care devices) can be developed to test the clinical utility of potential biomarkers.
Genomic markers
Genomics refers to the study of DNA or RNA sequences and gene-expression differences between tissues resulting in signature expressions for specific cancer types [27] . Using technologies such as gene microarray technology that can analyze thousands of DNA sequences very quickly, combined with tissue microarrays, which can analyze many patients rapidly, the field of genomics has identified a very long list of genetic duplications and aberrations that may play a role in tumorigenesis [28] . The newer addition to the array technology is microRNA profiling. These techniques are considered as the 'shotgun approach' [29, 30] , and they allow a unique opportunity to identify the molecular signatures specific for tumors, and, more narrowly, for various grades and stages of tumors. Some of the well known genetic markers include FGFR-3 mutations, which, together with p53 and retinoblastoma genes, have helped identify divergent molecular pathways in the development of bladder cancer [31] [32] [33] . As these markers have been the subject of various reviews, also in this issue, they will not be covered in this review. Newer markers detected include Aurora kinase A (AURKA) amplification, ETS-2/uPA mRNA ratio, and a combination of markers such as RNAs CDC-2 and HOXA-13.
AURKA is a gene encoding a key regulator of mitosis. It has been previously identified as a tumor susceptibility gene in mice studies, and overexpression of this gene has been shown to promote malignant transformation and progression of mammalian neoplasms [34] . Recently, Park et al. [35] noted gene amplification (at least three to four copies per cell) for AURKA and utilized fluorescent in-situ hybridization (FISH) on voided urine specimens to assess the number of AURKA gene copies using two probes for this target. In a case-control study, involving bladder cancer, normal individuals and patients with benign conditions, they reported 96.6% specificity and 87% sensitivity for AURKA-FISH test to detect bladder cancer. They also noted that high-grade tumors had increased AURKA aneuploidy than those of G1-G2; however, no differences were noted in stage. They conclude that, in this study, the AURKA-FISH assay was more effective than cytology in detecting bladder cancer, and this marker holds promise for the future.
Quantitative reverse transcription PCR (Q-PCR) RNA isolated from exfoliated urothelial cells in urine is a promising technique in identifying and validating new biomarkers. A number of markers have been identified, but, recently, a very promising mRNA ratio has been reported [36] . Hanke et al. [36] analyzed the expression of BAX, Bcl2L1, erythroblastosis virus E26 oncogene homolog 2 (ETS-2), Ki-67, HIV-1 TAT interactive protein 2 (HTATIP2), Stathmin 1 (STMN1), uroplakin 1 A (UPK1A) and uPA mRNA by Q-PCR and normalized the expression to glyceraldehyde 3-phosphate dehydrogenase (GAPDH). In this study, ratio of ETS-2 to uPA yielded was an independent marker for detecting bladder cancer. The ratio had about 89% sensitivity and 89% specificity to detect bladder cancer. The sensitivity for detecting low-grade tumors was rather weak (53%). These results point to the mRNA ratio of ETS-2 to uPA as a promising potential bladder cancer tumor marker.
Rosser et al. [37] used the cDNA microarray (gene profiling) approach to determine the molecular signatures of bladder cancer in the exfoliated cells in urine. In a study of 46 individuals, they identified 14 upregulated and 10 downregulated genes in exfoliated tumor cells. Out of these 24 differentially expressed genes, they used 14 as the molecular signature for diagnosing bladder cancer; this molecular signature had 90% sensitivity and 65% specificity. Although this is a small study and the specificity of this molecular signature appears to be low, the study is significant as it used the exfoliated cells as a source to conduct cDNA microarray analysis. This molecular signature can be validated in a larger study using Q-PCR.
Holyoake et al. [38] evaluated the expression of 14 different genes by Q-PCR. In their analyses, they developed a combined four-marker test involving HOX-A13, IGBP-5, MDK, and CDC-2 mRNAs (uRNA-D) for the detection of urothelial cancer. The uRNA-D, at 85% specificity had 48, 90 and 100% sensitivity to detect Ta, T1, and T2-4 tumors (respectively). As expected, the sensitivity to detect Ta tumors increased to 60% for primary Ta tumors (primary tumors are usually larger than recurrent tumors) and 76% for Ta tumors more than or equal to 1 cm in diameter. Although the sample size is small (20 patients), the test shows an approximately 80% specificity for urinary tract infections and other benign genitourinary conditions. At the present time, these markers have not been compared with other markers and will need further validation, especially if a combination of CDC2 and HOXA13 can distinguish between low-grade and high-grade tumors and between Ta and T1 or higher stage tumors with acceptable sensitivity and specificity.
Adding to the already crowded field of DNA/RNA-based bladder tumor markers are miRNA-profiling and miRNAbased markers. microRNAs (miRNA) are single-stranded RNA consisting of 21-23 nucleotides. Within the past 3 years, research on miRNAs has shown that these small RNAs are key regulators of gene expression. To date, more than 800 miRNAs have been found. Each miRNA targets and controls the expression of several genes, and, therefore, the understanding of the function of each miRNA in normal cellular behavior and in cancer is an active area of research. Similar to cDNA microarray profiling, which through a hybridization technique analyzes the expression of more than 20 000 genes at a time, miRNA profiling for the known miRNAs is a routine technique. Hanke et al. [39] examined the expression of 157 miRNAs in exfoliated cells using Q-PCR. They found that the ratio of miRNA-126:miRNA-152 has 72% sensitivity and 82% specificity to detect bladder cancer.
Genetic markers of bladder carcinoma have been evaluated for many years. Recent technological advances have allowed increased breadth to the field with the identification of the number of newer markers. However, such markers will not become clinically applicable until simpler detection methods exist, standardization of markers takes place, and differentiation and specific applications for primary diagnosis versus recurrent disease are made more clear [40, 41] .
Epigenetic markers
Epigenetics is a field that has coevolved with genomics and proteomics. Whereas genomics and proteomics relate to changes in gene or protein structure or number, epigenetics refers to reversible changes in gene function that occur without any change in genetic sequence [42] . The most common epigenetic changes investigated in bladder tumor markers relate to DNA methylation, and this topic will be covered exclusively. The mechanism of DNA methylation resulting in expression changes has been well characterized. Catalyzed by an enzyme known as DNA methyltransferase, the process adds a methyl group to the cytosine ring of the CpG dinucleotide(s). These CpGs occur in the promoter regions of genes at high density (CpG-island), and their methylation results in gene silencing [43] . In normal homeostasis, DNA methylation is a necessary component of genomic stability and transcription [44] . However, hypermethylation of tumor suppressor genes (i.e., their silencing) is a common event during cellular transformation and tumor progression [45] .
A large number of genes and their methylation state as it relates to urothelial cancer have been evaluated. Methylation analysis usually involves methylation-specific PCR. However, at present, no standardization exists concerning which markers are assayed and in what combination [42] . In a study of 57 bladder cancer patients and 20 control individuals, Lin et al. [46] evaluated promoter methylation of E-cadherin, p16, p14, and RASSF1A in DNA isolated from exfoliated cells by methylationspecific PCR. RASSF1A was reported to be the best individual marker among the group, with a sensitivity of 65%. When RASSF1A was combined with p14 and Ecadherin, the sensitivity increased to 83%. Interestingly, they found that as the grade of the tumor increased, the detection rate decreased slightly. For low-grade and nonmuscle invasive tumors, the sensitivity was 85%, whereas for high-grade muscle invasive tumors, it was 75%. It should be noted, however, that the sample size between 13 and 33 patients for various tumor categories is small, and this marker will need further validation.
Yu et al. [47] reported a larger panel of epigenetic target genes. Out of a test set of more than 50 genes, they found 11 genes that were significantly hypermethylated in tumor samples compared with controls. Individually, the sensitivity and specificity were poor for each target. However, taken as a group, the sensitivity rose to 91.7% and the specificity to 87.6%. They also interestingly report that the panel that most accurately detected urothelial cancer in Chinese patients was quite different from American panels, suggesting a possible underlying epigenetic disparity.
The epigenetic markers present a new paradigm in biomarker development for bladder cancer. However, as described above, these markers have been tested in single institution and small case-control studies. At the present time, the markers and the methodologies to assess them have not been standardized. Thus, as with proteomic and genomic markers, epigenetic markers will have to be validated in multicenter cohort studies.
Conclusion
Bladder cancer tumor markers remain a rapidly evolving field. Newer technologies including mass spectroscopy, liquid chromatography, tissue microarrays, gene-expression profiling, and epigenetic markers are creating more and more candidates each month. Here, the most recent advances and potential tumor markers have been summarized. The two main conclusions from this review are as follows: there exists a dizzying number of markers identified using newer expertise, and much more work will need to be done to delineate which markers may be clinically applicable and which will be discarded. An understanding of the technological basis and refinement of these markers will aid the urologist in future critical evaluation of this field.
